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(54) Tide: MOTION PRODUCING MECHANISM AND FITNESS MACHINE INCORPORATING SAME 
(57) Abstract 

There is disclosed a mechanism adapted to pro- 
duce a plurality of di^erent motions of a member 
affording a point for application of a force compris- 
ing: fixed disc means held in a fixed orientation; 
and at least one moveable disc means adapted to ro- 
tate around its origin and around the origin of die 
fixed disc means under the influence of the applied 
force; in which: the ratio of the radius of the fixed 
disc means to the radius of the moveable disc means 
is 2:1; flie position of the point which the force is 
applied to is radially variable relative to the origin 
of the moveable disc means; and the moveable disc 
means is in conununication with the fixed disc means 
so that rotation of the moveable disc means around 
the origin of the fixed disc means at a frequency f 
causes rotation of the moveable disc means at a fre- 
quency of 2f. 
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MOTION PRODUCING MECHANISM AND F ITNESS MAC 

INCORPORATING SAME 



This invention relates to a mechanism adapted to produce a plurality of 
different motions upon the application of a force thereto, witti particular reference to 
fitness machines incorporating the mechanism. 

There are numerous "fitness machines" commonly used in gymnasiums. 
Such machines comprise multi-purpose weightlifting equipment - often termed "multi- 
gyms" - and various devices for improving aerobic fitness, such as exercise cycles, 
stepping machines and ski simulators, in which the action of cross country skiing is 
mimicked by, essentially, antiparallel linear translation of the user's feet. Recently, so- 
called "cross trainers" have appeared, in which motion induced by the user is 
substantially elliptical. If the user is upright when using a cross training device, the 
motion is in the form of a horizontal ellipse, i.e. the major axis of the ellipse is in the 
horizontal plane. 



These aerobic fitness machines are usually manufactured as separate 
devices, each device being dedicated to a particular task. In part this is due to the nature 
of different tasks performed, which is in large measure due to the different motions 
performed during use: with an exercise cycle a circular motion is maintained, with a 
stepping machine the motion is (vertical) linear; with a ski simulator the motion is 
(horizontal) linear and with a cross trainer the motion is, as described above, elliptical. 

It would be desirable to produce a multi purpose aerobic fitness machine 
for a number of reasons. Firstly, substantial cost savings woiild result if a smgle device 
were manufactured, rather than a plurality of dedicated devices, each performing a 
specific function. Secondly, the amount of space required would be drastically reduced. 
These advantages would make a multi-purpose aerobic fitness machine particularly 
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attractive for use in the home. However, the provision of a practical driving mechanism, 
which could enable the above described plurality of motions to be produced in a single 
machine, is a particular problem. 

The present invention overcomes the above mentioned problem by 
providing a simple and cost effective drive mechanism, together with fitness machines 
incorporating this drive mechanism and having the above mentioned advantages. 

According to the invention there is provided a mechanism adapted to 
produce a plurality of different motions of a member affording a point of application for 
a force comprising: 

fixed disc means held in a fixed orientation; and at least one moveable disc 
means adapted to rotate around its origin and around the origin of the fixed disc means 
under the influence of the applied force; 

in which: 

the ratio of the radius of the fixed disc means to the radius of the moveable 
disc means is 2:1; 

the position of the point to which the force is applied is radially variable 
relative to the origin of the moveable disc means; and 

the moveable disc means is in communication with the fixed disc means so 
that rotation of the moveable disc means around the origin of the fixed disc means at a 
fi-equency f causes rotation of the moveable disc means at a firequency of 2f 

Preferably, the disc means comprise sprockets. 
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The position of the point which the force is applied to may be varied to 
produce linear, circular or elliptical motion. In this way, a plurality of different motions 
may be produced very easily, the type of motion being very easily changed by relatively 
small radial changes in the position of the point of application. 

In one embodiment, the fixed sprocket has internal teeth, and the moveable 
sprocket is retained within the fixed sprocket in direct geared engagement therewith. 

In another embodiment, the moveable sprocket is in communication with 
the fixed sprocket via a chain and a connecting crank. The mechanism may further 
comprise a rotatable crank in rigid connection with the moveable sprocket, the force 
being applied through the rotatable crank. 

There is also provided a fitness machine incorporating a drive mechanism 
as described above. Such machines may be used as multi-purpose, aerobic fitness 
machines. 

The member may comprise pedal means. 

The fitness machine may be adapted to function as an exercise cycle, a 
stepping machine, a ski simulator and a cross training machine. 

Furthermore, the machine may be adapted to produce motion on an ellipse 
having its major axis parallel to the body of the user. 

The machine may be designed so that the user is recumbent. 

The fitness machine may further comprise resistance means for inhibiting 
the rotation of the moveable disc means around the origin of the fixed disc means. 
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Embodiments of mechanisms and fitness machines according to the 
invention will now be described with reference to the accompanying drawings, in 
which:- 

Figure 1 shows a first embodiment of a mechanism adapted to 
produce a) circular, b) horizontal elliptical, c) vertical 
elliptical and d) near linear motion; 

Figure 2 shows a second embodiment of a mechanism like that of 
Figure 1; 

Figure 3 shows a side view of the second embodiment; and 

Figure 4 shows the second embodiment adapted to produce a) 
circular, b) horizontal linear, c) vertical linear, d) horizontal 
elliptical and c) vertical elliptical motion. 

Figure 1 shows a mechanism adapted to produce a plurality of different 
motions of a member 10 affording a point of application for a force comprising: 

a fixed sprocket 12 held in a fixed orientation; and a moveable sprocket 14 
adapted to rotate around its origin and around the origin of the fixed sprocket 12 under 
the influence of the applied force; 

in which: 



the ratio of the radius of the fixed sprocket 12 to the radius of the moveable 
sprocket 14 is 2:1; 



wo 99/03727 



PCT/GB98/02007 



-5. 

the position of the point to which the force is applied is radially variable 
relative to the origin of the moveable sprocket 14; and 

the moveable sprocket 14 is in communication with the fixed sprocket 12 
so that rotation of the moveable sprocket 14 around the origin of the fixed sprocket 12 
at a frequency f causes rotation of the moveable sprocket 14 at a frequency of 2f 

As shown in Figure 1 a-d, the position of the point which the force is 
applied to may be varied to produce near linear (Figure 1 d), circular (Figure 1 a), and 
elliptical (Figures 1 b and 1 c) motion. This is achieved by radially varying the position 
of the member 10. 

In the embodiment shown in Figure 1, the fixed sprocket 12 has internal 
12a, and the moveable sprocket 14 is retained within the fixed sprocket 12 in direct 
geared engagement therewith. 

A simple crank system 16 permits the moveable sprocket to rotate around 
the origin of the fixed sprocket 12 when force is applied to member 10. The action of 
rotating around the origin of the fixed sprocket causes rotation of the moveable sprocket 
14 around its own origin ("self-rotation") in the opposite sense. Thus, in Figure 1, the 
moveable sprocket 14 is rotating clockwise about the origin of the fixed sprocket, with 
consequential self-rotation in an anticlockwise sense. The self rotation is at twice the 
frequency of the planetary-like rotation around the origin of the fixed sprocket 12 
because of the 2:1 radius ratio. Therefore, over the course of a 90° rotation of the 
moveable sprocket about the origin of the fixed sprocket 12 there occurs self-rotation of 
the moveable sprocket of 180**. When the member 10 is at the origin of tiie moveable 
sprocket 14 - as shown in Figure la - the self-rotation is of no consequence, and circular 
motion results. However, if the point 10 is moved radially away firom the origin of the 
moveable sprocket 14, the self rotation of the moveable sprocket 14 causes consequential 
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rotation of the member 10 about its origin. This rotation acts to damp the circular 
rotation of the member 10 about the origin of the fixed sprocket 12. Depending on which 
way the member 10 is moved from the origin of the moveable sprocket 14, elliptical 
motion having a horizontal (Figure 1 b) or a vertical (Figure 1 c) major axis may be 
produced. If the member 10 were located on the circumference of the moveable 
sprocket, true linear motion would result. In practise, of course, the member will be 
located slightly less than a fiill radius from the origin of the moveable sprocket 14 - as 
shown in Figure 1 d - producing substantially linear motion. It will be apparent that both 
horizontal and vertical linear motion may be produced. 

Although the primary purpose of the mechanism is to serve as the basis of 
a multi-purpose fitness device, it will be appreciated that it is not limited in this regard. 
Furthermore, it will be appreciated that although the mechanism can function, as 
described above, to channel an applied force into a variety of different motion types 
(resulting in rotational motion of the moveable sprocket 14 and crank system 16), it 
might in principle be used to perform the process in reverse, i.e. rotational motion might 
be converted into variety of different motions. 

Figure 2 shows another embodiment of the mechanism in which having two 
moveable sprockets 20, 22, each in conununication with a fixed sprocket 24 via a chain 
26 and a connecting crank 28. The mechanism further comprises rotatable cranks 30 in 
rigid connection with the moveable sprockets 20, 22, the force being applied through the 
rotatable cranks 30 via members 32, 34. Figure 3 shows a side view of the mechanism, 
with only one of the moveable sprockets 22 being shown for reasons of simplicity. 

The mechanism depicted in Figure 2 operates in analogous fashion to the 
mechanism shown in Figure 1. Application of a force at, say, member 32 causes the 
moveable sprocket 26 to rotate around fixed sprocket 24 via rotation of the connecting 
crank 28. Note that connectmg crank 28 passes through an aperture 24a of fixed sprocket 
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24. This planetary rotation results in self rotation of the moveable sprocket 20 and hence 
the rotatable crank 30. Since the ratio of the radius of the fixed sprocket 24 to tiie radii 
of the moveable sprockets 20, 22 is 2:1, this self-rotation is at twice the frequency of the 
planetary rotation. 

Once again, it is possible to produce a variety of motions by varying the 
radial position of the members 32, 34 with respect to the origin of the corresponding 
moveable sprocket 20, 22. In this embodiment, the radial positioning is performed by 
varying the position of the member 32, 34 on the rotatable crank 28. Figures 4 a-e depict 
the radial positions of the member 32 required to produce circular, horizontal linear, 
vertical linear, horizontal elliptical and vertical elliptical motion, respectively. 

Either of the above described embodiments can be incorporated into a 
fitness machine. In this instance, two moveable sprockets are used, and the members at 
which force is applied, in order to rotate the moveable sprocket, will usually comprise 
pedal means of some suitable form. (However, in principle, a fitness machine for the 
exercising of arms might be envisaged, in which the pedal means are replaced by some 
form of handgrip). Numerous ways of radially varying the position of the pedal means 
suggest themselves: for example, a series of apertures maybe provided in the moveable 
sprocket or rotatable crank (as shown in Figure 2); or a slot may be provided (as shown 
in Figure 1). A fitness machine might comprise a single fixed sprocket having two sets 
of teeth, this fixed sprocket being in communication with both moveable sprockets. 
Alternatively, two drive mechanisms might be used in tandem, in which instance a 
single moveable sprocket would be in communication with each fixed sprocket. 

As described above, mechanisms of the present invention can provide 
circular, vertical linear, horizontal linear and horizontal elliptical motion. Therefore, 
fitness machines incorporating the mechanism can be adapted to fiinction as an exercise 
cycle, a stepping machme, a ski simulator and a cross training machine. Note that 
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"vertical" linear motion is required for a stepping machine function if the user is in an 
uprigjit position. However, it is not necessary that the user is in an upright position: in 
fact, in a preferred embodiment of a fitness machine of the present invention the user is 
in a recumbent position. More rigorously, for a stepping machine function the linear 
motion should be parallel to the body of the user, whilst in a ski simulator the linear 
motion should be perpendicular to the body of the user. Furthermore, the mechanism, 
can provide "vertical" elliptical motion, permitting the provision of a new fitness 
function in which motion on an ellipse having its major axis parallel to the body of the 
user is produced. 

If the mechanism is stationary, and the applied force is wholly directed 
toward the origin of the fixed sprocket, then no rotational motion can be produced in the 
moveable sprocket. To commence rotation in this instance, the pedal can be rotated so 
that the applied force is no longer directed in this manner. Thereafter, the momentum 
gained can be relied upon to carry the moveable sprocket away from the above described 
position. Alternatively, stoppers may be used to prevent the alignment of the applied 
force with the origin of the fixed sprocket, although this approach would not be suited 
to the exercise bike function. 

Typically, a fitness machine further comprises resistance means for 
inhibiting the rotation of the moveable sprocket around the origin of the fixed sprocket. 
Preferably, the resistance is variable, so that the user can select the level of resistance to 
motion to suit his/her level of fitness. 

Further adaptions of the embodiments described herein would suggest 
themselves to those skilled in the art. For example, it will be apparent that, although the 
use of sprockets having teeth is preferred, other circular disc means might also be 
employed, such disc means having, for example, curved cut off portions on the 
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circumference into which a belt can locate. It may be possible to employ a pulley 
system, provided there is sufficient friction between the pulley discs and the belt. 
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CILMMS 

1. A mechanism adapted to produce a plurality of different motions of a 
member affording a point for application of a force comprising: 

fixed disc means held in a fixed orientation; and at least one moveable disc 
means adapted to rotate around its origin and around the origin of the fixed disc means 
under the influence of the applied force; 

in which: the ratio of the radius of the fixed disc means to the radius of the 
moveable disc means is 2:1; 

the position of the point which the force is applied to is radially variable 
relative to the origin of the moveable disc means; and 

the moveable disc means is in conmiunication with the fixed disc means so 
that rotation of the moveable disc means around the origin of the fixed disc means at a 
frequency f causes rotation of the moveable disc means at a fi^equency of 2f 

2. A mechanism according to claim 1 in which the disc means comprise 
sprockets. 

3. A mechanism according to claim 1 or claim 2 in which the position of the 
point to which force is applied can be varied to produce linear, circular or elliptical 
motion. 



4. A mechanism according to claim 2 or claim 3 m which the fixed sprocket 

has internal teeth, and the moveable sprocket is retained within the fixed sprocket in 
direct geared engagement therewith. 
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5. A mechanism according to claim 2 or claim 3 in which the moveable 
sprocket is in communication with the fixed sprocket via a chain and a connecting crank. 

6. A mechanism according to claim 5 fiirther comprising a rotatable crank in 
rigid connection with the moveable sprocket, the force being applied through the 
rotatable crank. 

7. A fitness machine incorporating a mechanism according to any one of 
claims 1 to 6, 

8. A fitness machine according to claim 7 in which the member comprises 
pedal means. 

9. A fitness machine according to claim 7 or claim 8 adapted to function as an 
exercise cycle, a stepping machine, a ski simulator and a cross training machine. 

10. A fitness machine according to any of claims 7 to 9 adapted to produce 
motion on an ellipse having its major axis parallel to the body of the user. 

11. A fitness machine according to any of claims 7 to 10 designed so that the 
user is recumbent. 

12. A fitness machine according to any of claims 7 to 11 further comprising 
resistance means for inhibiting the rotation of the moveable disc means around the origin 
of the fixed disc means. 
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Figure 1 




(a) circular motion 
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(b) horizonta] ellipse 




(c) vertical ellipse 




(d) approaching vertical linear motion 
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Figure 3 
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